To investigate the taxonomic value of leaf epidermal characters in developing a classification for Ligusticum (Apiaceae), thirty-eight species (including a cultivar) of the genus were examined using both light and scanning electron microscopy. Our results show that the infrageneric classification of Ligusticum based on the characters of involucel bracteoles, mericarps, and pollen grains was not supported as few epidermal characters were relatively constant at section level. Evidence from leaf epidermis, similar to that from molecular and morphological data, supports the separation of Tilingia (i.e. L. ajanense and L. tachiroei) from Ligusticum. Ligusticopsis was found to be indistinguishable from Ligusticum in epidermal characters. Furthermore, results from epidermal analysis, together with that from cytological evidence, fruit morphology as well as molecular phylogenetics suggest that L. delavayi should be transferred out of Ligusticum.
phylogenetic analyses on the Apiaceae family level have suggested that Ligusticum is a heterogeneous group as currently circumscribed [12] [13] [14] [15] [16] [17] , and that the Chinese Ligusticum species fall into three distant clades [18] [19] . Therefore, more morphological evidence is necessary before there can be further taxonomical revision of Ligusticum.
Leaf epidermal characteristics are of potential taxonomical importance [20] [ 21] , of which features such as epidermal cells, types and arrangement of stomata, and surface ornamentation have been repeatedly proved well for taxonomy [22] [23] [24] . Sun et al. [25] have investigated the leaf epidermis morphology of Chinese species of Ligusticum, but this investigation was not comprehensive, with only 15 species examined. Thus, a more detailed observation of leaf epidermal morphology in the Chinese species of Ligusticum, through extensive sampling of taxa, is necessary. As part of a systemic study of this genus in China, we aim to investigate the epidermal features of 38 Chinese Ligusticum species, assess whether these epidermal features can provide information of taxonomic value and determine whether such information supports a sectional subdivision system in Chinese Ligusticum.
Materials and Methods

Plant Materials
For this study, thirty-six species of Ligusticum recognized in Flora of China (FOC) were investigated. Furthermore, two formally published species, L. moniliforme Peng 
Results
Leaf epidermal features under LM and SEM listed in Table 2 & Table 3 
Characteristics of the Leaf Epidermis under LM
The form of epidermal cells in Ligusticum as seen under LM was usually irregular or polygonal (rarely rectangular in L. delavayi, Figure 1 (i) and Figure S1 (i)), with anticlinal walls straight to arched, repand or sinuous ( Table 2 ). The pattern of anticlinal cells may vary between different species and also between the adaxial and abaxial epidermis of a given species. In about 2/3 of the species studied, the anticlinal cells of both sides were consistent with straight to arched walls or repand and sinuous walls, while in the other 12 species, the anticlinal walls varied between the adaxial and abaxial surfaces ( Table 2) . Stomata were present on both surfaces in 19 of the observed species ( Table 2 ). The patters of the stomata were anisocytic or anomocytic, inconsistent with Sun et al. [25] in which four types of stomata were found. The stomatal index ranged from 11.0% in L. hispidum (Figure 1 (e) and Figure S1 (e)), up to 30.1% in L. reptans (Figure 3 (c) and Figure S3 (c)). Particularly, stomatas observed were usually closed, indicating that Ligusticum is relatively suitable to arid habitats.
Characteristics of the Leaf Epidermis under SEM
The outlines of the pair of guard cells were elliptical, narrowly elliptical, and roundish. The inner margins of the outer stomatal rim were observed to be of two types of smooth or nearly smooth, and erose (Table 3 ). The cuticular membrane ornamentations were striate, wrinkled and smooth. The striate type was found in most species investigated, with some variations discovered in a few taxa: a sparse radiating striate cuticular membrane ocurred in L. jeholense ( Figure 5(m) ), L. sinense cv. Chuanxiong (Figure 6(h) ), L. yanyuanense ( Figure 5(h) ) and L. likiangense (Figure 4(k) ); the membrane of L. involucratum (Figure 4(h) ) was of a radiating striate type; and a concentric striate membrane was found in both L. weberbauerianum ( Figure 5(n) ) and L. nullivittatum ( Figure 5(k) ). A wrinkled type was present in both L. daucoides (Figure 4(a) ) and L. hispidum (Figure 4(e) ). L. delavayi (Figure 4(i) ) and L. rechingerianum Wax ornamentation was absent in 32 species, while the remaining six had wax scales or other ornamentations. Scales occurred in three species: Ligusticum ajanense ( Figure 5(o) ), L. daucoides (Figure 4(a) ) and L. rechingerianum ( Figure 6(g) ). L. discolor ( Figure 5(l) ) and L. hispidum (Figure 4 (e)) had flacks, while parcels appeared in L. yanyuanense ( Figure 5(h) ). American Journal of Plant Sciences revision. Previous studies indicated that the pattern of anticlinal walls was associated with environmental factors [22] [28] [29] [30] . In our analysis, anticlinal walls in Ligusticum seems to be not related with their geographic distribution and environmental conditions where the species grow. For example, L. tenuissimum from northern China (growing on with rocky slopes) have straight to arched walls on both surfaces, while L. rechingerianum from southwest (on alpine meadows) also possess the same type.
Relationships with Tilingia and Ligusticopisis
The genus Ligusticopsis Leute has 14 species confined to China, all of which have been included in present study (note with * in Table 1 ajanensis Regel & Tiling is the type species). However, this treatment was not accepted by Kozo-Poljansky [9] and Hiroe & Constance [10] , also following the pollen morphology experiments of Wang et al. [31] . In the present study, three species previously referred to Tilingia, L. ajanense (Regel & 
The relationship between Hymenidium and Ligusticum delavayi
Hymenidium fell within tribe Pleurospermeae near the base of the trees, distant from Acronema Clade [19] . Therefore, Hymendium as currently circumscribed is not monophyletic. In this study, L. delavayi was quite different from other Ligusticum species. For example, its epidermal cells were both irregular and rectangular, while cuticular membrane ornamentation was smooth. Furthermore, according to a previous study, the karyotype asymmetry of L. delavayi was the largest among species examined (T.C. % = 58.53%) [11] . In fact, with ultimate segments setuliform and membranous margined bracts, L. delavayi is distinct and easily differentiated from other Ligusticum species. Therefore, epidermal evidence, combined with molecular and karyological results, support that L. delavayi should be separated from Ligusticum. 
Conclusion
In this study, a detailed observation of epidermal characters from across the genus Ligusticum is presented. Although not all species can be distinguished from each other by its own combinations of epidermal features, many characters seem to be important for distinguishing some closely related taxa. Furthermore, the previous infrageneric classification of Pu [1] is not supported by our present study, but the data do provide evidences for taxonomic treatment of some controversial taxa. In general, the results presented here will promote the future re- 
